ABSTRACT Life history theory predicts that current reproductive investment should increase as life expectancy decreases. We adapted the prediction to female mate choice behavior and examined the effect of life expectancy on two components of female choice of the cricket Meloimorpha japonica (De Haan) (Orthoptera: Gryllidae). We measured female responsiveness and female preference by using a two-choice playback experiment of male calling songs. Females with a shorter life span exhibited higher responsiveness to the male calling song. No signiÞcant effect of life span on female preference for male calling songs was found. We discuss the implications of these results for sexual selection and life history strategy.
Life history theory predicts that current reproductive investment increases as life expectancy decreases (Williams 1966 , Charlesworth and Leon 1976 , CluttonBrock 1984 . Mauck et al. (2004) have called this prediction the "effort hypothesis." The effort hypothesis is a fundamental tenet of conventional theory of the life history strategy (Stearns 1992) . In support of this prediction, many taxa exhibit increased reproductive investment with reduced life expectancy (for reviews, see Stearns 1992 , Roff 2002 .
The effort hypothesis also can be applied to sexually selected traits, because they are components of reproductive investment (Hö glund and Sheldon 1998) . However, only a few empirical studies of sexual selection have examined the possibility that sexually selected traits are affected by life expectancy. For example, Kemp (2002) showed that male Hypolimnas bolina (L.) (Lepidoptera: Nymphalidae) were more willing to persist in contests over mating territories as they aged. For the scorpionßy Panorpa cognata Rambur (Mecoptera: Panorpidae), Engqvist and Sauer (2002) showed that males adopted discriminatory mating tactics and changed their investment in nuptial gift production depending on mating period as well as the perceived quality of the female. Male P. cognata produced signiÞcantly smaller nuptial gifts when offered low-quality females than when offered highquality females early in the mating period (i.e., longer life expectancy), but males were less sensitive to female quality in the late mating period (i.e., shorter life expectancy).
Mate choice is also a component of reproductive investment, because mate choice represents part of the effort an animal expends to reproduce (Jennions and Petrie 1997) . Some empirical studies have focused on how mate choice changes as individuals age [e.g., house cricket, Acheta domesticus (L.) (Orthoptera: Gryllidae), Gray 1999; guppy, Poecilia reticulata Peter (Cyprinodontiformes: Poeciliidae), Kodric-Brown and Nicoletto 2001; and cockroach Nauphoeta cinerea (Olivier) (Blattaria: Oxyhaloidae), Moore and Moore 2001] . Overall, these studies compared the mate choice behavior of young female groups (long life expectancy) and old female groups (short life expectancy). They showed that young females were selective, whereas the old females were not selective. However, it is unclear whether these studies are good tests of the effort hypothesis, and we explain two reasons why this is so.
First, the old female groups contained only females that are long lived, and thus these groups consisted of a nonrandom sample of the population. For example, if mate choice was correlated in any way with life span, mate choice in the old female group would seem to be changed when actually no change occurred except death of females with a different preference. Similar issues have been recognized by some researchers. Moreover, "selection hypothesis" is one of the leading alternative explanations for the observed increase in reproductive effort with age in natural populations. If highly productive individuals also have a higher probability of survival, the proportion of highly productive individuals in a cohort increases with age (Mauck et al. 2004) . Second, the mate choice behavior in the old age group was probably inßuenced by senescence (Kodric-Brown and Nicoletto 2001, Moore and Moore 2001) . This possibility is supported by the evolutionary theory of aging, which emphasizes that senescence is inevitable because the force of selection against deleterious mutations declines with age (Williams 1957) . Senescence may cause reductions of both perception and the appropriate response to male mating signals. Therefore old females are expected to become less selective in their mate choice behavior simply because of senescence. Comparison of the young and old female groups is thus confounded by the combined effect of senescence and increased reproductive effort. Therefore, comparing mate choice behaviors of young versus old female groups is probably not the best test of the effort hypothesis.
In this study, we focused individual variation in life expectancy to resolve the above problems in previous studies. We measured two distinct components of mate choice behaviors, responsiveness and preference, from females of the same age and life span in cricket Meloimorpha japonica (De Haan) (Orthoptera: Gryllidae). Responsiveness is deÞned as the willingness of a female to respond positively to males and thus to engage in active mate choice (Jennions and Petrie 1997, Widemo and S¾ther 1999) . Preference, however, is a measure of the male ornamental and display trait that females favor (Jennions and Petrie 1997, Widemo and S¾ther 1999) . Females with a shorter life span are expected to invest more resources in responsiveness than females with a longer life span, according to the effort hypothesis. If females select to accept a male for mating males, females have risk of dying not having encountered a mate. We tested the predictions that 1) female responsiveness was negatively correlated with life span, and 2) preference was positively correlated with life span (i.e., females with shorter life span should be less selective).
Materials and Methods
Insects. M. japonica is a univoltine cricket found in the central and southern Japan. The body length of the adult males and females is Ϸ2 cm, and they live 20 Ð 30 d after adult eclosion under our experimental conditions. The calling song of males is the main sexual display and serves to attract receptive females from a distance. Attracted females mount males and eat secretions of a specialized gland on the maleÕs thorax before copulation. About 5 min later, copulation comes to an end (unpublished data). The M. japonica used in this study were obtained from a private breeder (Tadashi Masuda, Tokyo, Japan). We bred the crickets in a 57-liter glass tank on a sand substrate, with corrugated cardboard, guinea pig pellets (Nippai, Kanagawa, Japan), and cricket food (Marukan, Osaka, Japan) in excess. We sprinkled water on the sand every 7Ð10 d. Newly hatched nymphs were collected from the breeding tank. Nymphs were reared in 500-ml cups provisioned with a cotton-plugged water vial, food in excess, and cardboard shelters until the last instars. Thirty nymphs were reared per cup. Final instars were reared individually in smaller plastic cups (200 ml), and the cups were checked daily for newly emerged adults. Adult crickets were reared in the same individual cups throughout their lives, with water and food in excess. All crickets were reared at 25ЊC, under a photoperiod of 16:8 (L:D) h (light, 0500 Ð2100 hours).
Experimental Procedures. The experiment was conducted under laboratory conditions during AugustÐDecember 2003. Throughout the experiment, all insects were maintained at 25ЊC and 40 Ð 65% RH. Virgin females aged 8 or 9 d after their Þnal molt were used in the experiments (n ϭ 37). Females were sexually mature and receptive to mating 8 d after the Þnal molt. Mate choice behavior was tested by simultaneous playback of prerecorded male calling songs. After the playback experiments, we returned the crickets to their individual cups and recorded the status of females (dead or alive) daily. After the females died, we dried them at 65ЊC for 24 h and measured pronotum lengths (to the nearest 0.01 mm) by using digital vernier calipers.
The male calling song of M. japonica consists of a series of repeated phrases that are themselves composed of chirps. A chirp is composed of a number of pulses, and each pulse is produced by a single rubbing of the raised forewings. The male songs have a fundamental frequency of Ϸ4.7 kHz. In this study, mate choice behavior was tested by giving females a choice between two male songs. The only difference between the two songs was in the interphrase duration. The songs were constructed by digitizing a male song by using Adobe Audition (San Francisco, CA), version 1.0, with 22.05-kHz sampling rate and 8-bit dynamic range. A single phrase was selected from the male song and used to construct artiÞcial phrases. One song had a short interphrase duration (8.4 s; mean interphrase durations in our population Ϫ 1 SD), whereas the other song had a long interphrase duration (15.0 s; mean interphrase durations in our population ϩ 1 SD). Generally, in orthopterans and anurans, males that emit songs of high call rates with a short interphrase duration have been shown to incur high energetic costs, predation risks, or both (for review, see Gerhardt and Huber 2002). These songs are considered to be reliable indicators of male condition (Ryder and Siva-Jothy 2000, Scheuber et al. 2003) , and females prefer this type of calling song in many orthopteran species (for review, see Gerhardt and Huber 2002) .
The two-choice test was conducted in a 52-by 32-by 7-cm (length by width by height) plastic arena at 25ЊC. A 40-W red bulb allowed the observation of females within the arena. A speaker was placed outside, 15 cm from each short side of the arena. All experiments were started between 2200 and 2400 hours. Before a test, a female was placed under a plastic cup (180 ml) equidistant between the two speakers and was allowed to acclimate for 3 min. A pair of songs was then broadcast from a portable stereo audio player. Each song was broadcast through one of the speakers. A sound level meter was used to set the sound pressure level to 85 dB at the midpoint of the arena, which mimicked the normal calling song level. After the acclimation period, the cup was slowly lifted by hand, and the females were allowed to move freely in the arena. We recorded the amount of time it took for females to move to an area within 20 cm of the base of one side of the two speakers. We deÞned a female responsiveness as the reciprocal of the duration; therefore, the responsiveness value increased as the duration decreased. We assigned zero to the responsiveness of the females that failed to respond for 10 min. Therefore, the responsiveness was not interval or ratio scale. The preference was deÞned as the calling song that females chose (i.e., short or long interphrase duration).
Statistical Analyses. KendallÕs rank correlation was used for the test of relationship between female responsiveness and her life span. If female body size correlates with both her life span and responsiveness, the correlation between the life span and the responsiveness might be a by-product. Therefore, we tested the correlation between the body size and the life span. Logistic regression analysis was performed using LogXact, version 6.2 (Cytel Software Corporation 2004) to determine whether life span of each female related to the preference. The dependent variable was preference (short or long), and the independent variable was life span. Negative regression coefÞcient (␤) shows that females with short life span prefer the short interphrase duration. We used the two-tailed test for statistical signiÞcance.
Results
Twenty eight of 37 females preferred the speaker playing the tape of the short interphrase duration and six females preferred the long interphrase duration (binomial test, P Ͻ 0.001). In our observation, higher responsive females got moving to a speaker more quickly from the beginning of the experiment. Three females showed zero responsiveness. Because we observed response behavior of females for 10 min, females of zero responsiveness did not necessarily show no responsiveness to the calling songs (i.e., the females may have merely taken a longer time for the choice). Three females of zero responsiveness were contained in the analysis by using the rank correlation. Responsiveness was negatively correlated with life span (KendallÕs rank correlation: ϭ Ϫ0.23, n ϭ 37, P ϭ 0.046; Fig. 1 ). Life span had no signiÞcant effect on preference in a logistic regression analysis (␤ ϭ 0.12, 95% CI ϭ Ϫ0.066 Ð 0.32, P ϭ 0.22, exact test; n ϭ 34). There was no signiÞcant correlation between pronotum length and life span ( ϭ 0.039, P ϭ 0.73; n ϭ 37), and thus female body size has no effect on our analyses.
Discussion
Female responsiveness to male calling song was signiÞcantly negatively correlated with life span in M. japonica. This is the Þrst report to show that a difference in life span for females of the same age affects mate choice behavior. There was, however, no evidence of any effect of life span on female preference, which is consistent with previous studies that show that female responsiveness to males is more variable than variation in preference in guppies Endler 2001, Syriatowicz and Brooks 2004) . Alternatively, preference may be inßuenced by life span, and a larger sample size would be necessary to reveal this effect.
Three possibilities can explain the negative correlation between responsiveness and life span. A Þrst possibility is that the difference in life span among females caused the individual variation in responsiveness. Second, the likelihood is that strong responsiveness expressed by females incurred heavy costs such as time and energy consumption of male sampling, predation risks, or both (Jennions and Petrie 1997) . More attractive male calling songs for females also attracted more predators or parasitoids in some orthopteran insects (for review, see Gerhardt and Huber 2002) . Thus, approach to the calling song can be costly behavior for females. The life span of the females was shortened by such costs. The former is probably the case in the current study, because the females did not incur any costs associated with energy consumption or predation risks under our experimental conditions. Females were given food in excess, and there were no predators in our experiment. In addition, females were isolated from males during their lifetime, except for the male calling songs during the playback experiment. Third, both variables (life span and responsiveness) might be inßuenced by some other factors. The body size had no effect on our results, but the other factors were not eliminated from our analyses. For example, if females with higher responsiveness had always higher activity in other situations (e.g., searching for food) and had shorter life span, our results might not reßect resource allocation to mate choice but general physiological state of the females. Therefore, we have to measure the activity of each female except for mate searching behavior. Experimental manipulation of life expectancy and a longitudinal analysis will produce more deÞnite results than the correlational approach taken here.
The comparison of the mate choice behavior in the young and old female groups to test the effort hypothesis in the previous studies has two problems. One problem is that the old age group was sampled non- randomly. The other problem is that the mate choice in the old age group was inßuenced by senescence. The problems are not restricted to the studies of mate choice behavior, but they are found in the test of the effort hypothesis in general, including male mating signals. Our results suggest that the negative correlation between the reproductive traits and the life span among the individuals of the same age can solve the above-mentioned problems.
Our results also suggest that M. japonica females can predict their life expectancy based on some, probably intrinsic, cues. Javoiš and Tammaru (2004) suggested that oviposition behavior in a geometrid moth Scotopteryx chenopodiata L. (Lepidoptera: Geometridae) was sensitive to wing injuries, which was most likely to be associated with life expectancy. However, the intrinsic cues for life expectancy assessment are still unknown for M. japonica.
In sexual selection, it is an unexplored possibility that the difference in life expectancy causes individual variation in animal behavior (Hö glund and Sheldon 1998). Our Þndings highlight the importance of considering the viewpoint that each tactics at various points of during an individualÕs lifetime depends on each other, developed by the studies of the life history strategy (for review, see Stearns 1992 , Roff 2002 .
